The evapotranspiration (ET) of urban hedges has been assumed to be an important component of the urban water budget and energy balance for years. However, because it is difficult to quantify the ET rate of urban hedges through conventional evapotranspiration methods, the ET rate, characteristics, and the cooling effects of urban hedges remain unclear. This study aims to measure the ET rate and quantify the cooling effects of urban hedges using the 'three-temperature model + infrared remote sensing (3T + IR)', a fetch-free and high-spatiotemporal-resolution method. An herb hedge and a shrub hedge were used as field experimental sites in Shenzhen, a subtropical megacity. After verification, the '3T + IR' technique was proven to be a reasonable method for measuring the ET of urban hedges. The results are as follows. (1) The ET rate of urban hedges was very high. The daily average rates of the herb and shrub hedges were 0.38 mm·h −1 and 0.33 mm·h −1 , respectively, on the hot summer day. (2) Urban hedges had a strong ability to reduce the air temperature. The two hedges could consume 68.44% and 60.81% of the net radiation through latent heat of ET on the summer day, while their cooling rates on air temperature were 1.29 • C min −1 m −2 and 1.13 • C min −1 m −2 , respectively. (3) Hedges could also significantly cool the urban underlying surface. On the summer day, the surface temperatures of the two hedges were 19 • C lower than that of the asphalt pavement. (4) Urban hedges had markedly higher ET rates (0.19 mm·h −1 in the summer day) and cooling abilities (0.66 • C min −1 m −2 for air and 9.14 • C for underlying surface, respectively) than the lawn used for comparison. To the best of our knowledge, this is the first research to quantitatively measure the ET rate of urban hedges, and our findings provide new insight in understanding the process of ET in urban hedges. This work may also aid in understanding the ET of urban vegetation.
Introduction
Due to rapid urbanization, the urban thermal environment has worsened, and urban heat islands (UHI) have become a common problem in most cities around the world [1, 2] . From 1961 to 2000, air temperature has increased 0.16 • C per decade in large cities in northern China [3] . Among 419 large cities around the world, the average annual daytime surface urban heat island is 1.500 ± 1.200 • C [4] . High temperatures in urban areas not only lead to more energy consumption for cooling [5] but also affect human health [6] [7] [8] . High temperatures and heat waves could even increase the mortality rate. In 27 European countries, over 28,000 people die every year due to exposure to extreme heat, which 
Three-Temperature Model
The three-temperature model estimates vegetation ET by introducing a reference leaf with no ET [34, 48] .
where LE is the latent heat consumed by vegetation ET. Rn and Rnp are the net radiation on the vegetation and reference leaf, respectively (W m -2 ). Tc and Tp are the surface temperature of the vegetation and reference leaf (°C). The surface temperature could be obtained by thermal images, and the maximum Tc in the image is regarded as Tp [37, 38] . Ta is air temperature (°C). Rn and Rnp could be estimated according to [49] . 
where LE is the latent heat consumed by vegetation ET. R n and R np are the net radiation on the vegetation and reference leaf, respectively (W m −2 ). T c and T p are the surface temperature of the vegetation and reference leaf ( • C). The surface temperature could be obtained by thermal images, and the maximum T c in the image is regarded as T p [37, 38] . T a is air temperature ( • C). R n and R np could be estimated according to [49] .
where R s is solar radiation (W m −2 ). α c is the albedo of the vegetation canopy. To simplify the calculation, the empirical coefficient α c = 0.22 was used in this study [37] . ∆R l is the net long-wave radiation (W m −2 ), which could be estimated by [50, 51] ∆R l = 0.4 + 0.6 R s R so ε a σT
where R so is the clear day solar radiation (W m −2 ), which is assumed to equal to R s in this study as all the experiment were conducted in clear sunny days [41] . ε c the canopy emissivity, and empirical coefficient ε c = 0.98 was used here [37] . σ is the Stefan-Boltzman constant (5.67 × 10 −8 W m −2 K −4 ). ε a is the atmospheric emissivity and could be estimated according to [52] ε a = 0.92 × 10
If α c , ε c, and T c are replaced by α cp , ε cp and T cp in Equations (2) and (3), then R np could be estimated. As we use the leaf with the highest surface temperature in the canopy as the reference leaf in this study, α c , ε c are assumed to be same to α cp , ε cp .
The analysis procedures were written into a software named "A system to estimate evapotranspiration by infrared remote sensing and the three-temperature model", which can be downloaded and used freely from https://pan.baidu.com/s/19iuz5PIVjZOR96iVObYBqA.
Field Experiments
The field experiment was carried out over four typical sunny days in four seasons from 2015 to 2016, from 8:00 a.m. to 5:00 p.m. An infrared thermal imager (Fluke Ti55FT, Fluke Corp., Everett, WA, USA) was used to record the surface temperatures vertically down, at a height of 1.5 m. The measuring wavelength of the infrared thermal imager was 8-14 µm, and its resolution was 0.05 • C. The emissivity of the hedges and lawn in our study was set up to be 0.98 according to empirical value [37] . The imager could give out the emissivity-corrected temperature directly. Each thermal infrared image contains 76,800 temperature data points (320 × 240). Three images were taken of each plant at each hour. Before the measurement, the thermal camera was calibrated against a blackbody measurement.
Air temperature and other meteorological factors were recorded by a Bowen ratio system at heights of 2 m and 1.5 m. The system was installed in the middle of the lawn. All the data from the Bowen ratio system were sampled and recorded at intervals of 1 min and 10 min with a Campbell CR1000 data logger. The sensor information is shown in Table 1 . 
Verification Experiment
The Bowen ratio energy balance (BREB) method was used as the benchmark to verify the '3T + IR' method. The verification experiment was conducted before the field experiments, on three sunny days (15 July 2014, 16 August 2014, and 13 November 2014). The ET rates of the studied area were simultaneously measured by the '3T + IR' method and the BREB method. The ET rates by the BREB method could be calculated by [53] 
where L is the latent heat of water vaporization (J kg −1 ), G is the soil heat flux (W m −2 ), β is the Bowen ratio, C p is the specific heat of air at a constant pressure (J kg −1 • C −1 ), and ∆T and ∆q are the temperature and humidity difference between the heights of 2.0 m and 1.5 m, respectively. All these parameters were obtained by the Bowen ratio system.
Results

Method Verification
The verification experiments showed quite a coincidence between the ET rates measured by the '3T + IR' method and BREB method. The correlation coefficient of the ET rates of the two methods was 0.958 (significant at the level of 0.01, by SPSS). Moreover, the linear regression demonstrated the consistency of the two methods ( Figure 2 ). The distribution of the data was close to the 1:1 line and the regression line was ET B = 1.07ET 3 -0.06 (R 2 = 0.92), which means the rates measured by '3T + IR' were always close to the rates measured by BREB methods. The RMSE of the two rates was also just 0.03 mm h −1 . This finding indicates that the '3T + IR' method could accurately measure the ET rate of urban grass and shrubs. Therefore, we applied this method directly in the field experiments on urban hedges in this study. 
where L is the latent heat of water vaporization (J kg -1 ), G is the soil heat flux (W m -2 ), β is the Bowen ratio, Cp is the specific heat of air at a constant pressure (J kg -1 °C -1 ), and ΔT and Δq are the temperature and humidity difference between the heights of 2.0 m and 1.5 m, respectively. All these parameters were obtained by the Bowen ratio system.
Results
Method Verification
The verification experiments showed quite a coincidence between the ET rates measured by the '3T + IR' method and BREB method. The correlation coefficient of the ET rates of the two methods was 0.958 (significant at the level of 0.01, by SPSS). Moreover, the linear regression demonstrated the consistency of the two methods ( Figure 2 ). The distribution of the data was close to the 1:1 line and the regression line was ETB = 1.07ET3 -0.06 (R 2 = 0.92), which means the rates measured by '3T + IR' were always close to the rates measured by BREB methods. The RMSE of the two rates was also just 0.03 mm h -1 . This finding indicates that the '3T + IR' method could accurately measure the ET rate of urban grass and shrubs. Therefore, we applied this method directly in the field experiments on urban hedges in this study. 
Characteristics of Meteorological Conditions
Our field experiments were conducted on a sunny day in each season from 2015 to 2016. The typical days for each season were August 22, 2015 (Figure 3 ). The temperatures were still high even in the autumn day (14.55°C) and winter day (17.92 °C). The solar radiation showed an almost single-peak variation in all days. It was the strongest in the summer day, when the daily average reached 555.98 W m -2 . The air was the most humid on the spring day (89%) followed by the summer day (72%). The winter day had a low relative humidity (20%). The wind velocity was not high in any of the four days. The highest was during the autumn day, when its daily average was 0.78 m s -1 . (Figure 3 ). The temperatures were still high even in the autumn day (14.55 • C) and winter day (17.92 • C). The solar radiation showed an almost single-peak variation in all days. It was the strongest in the summer day, when the daily average reached 555.98 W m −2 . The air was the most humid on the spring day (89%) followed by the summer day (72%). The winter day had a low relative humidity (20%). The wind velocity was not high in any of the four days. The highest was during the autumn day, when its daily average was 0.78 m s −1 .
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Surface Temperatures of the Urban Hedges
The infrared images of the hedges and the lawn were taken over four days. Subsequently, the ET rates were calculated by our software (Figure 4 ). 
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ET Characteristics of Urban Hedges
Surface Temperatures of the Urban Hedges
The infrared images of the hedges and the lawn were taken over four days. Subsequently, the ET rates were calculated by our software (Figure 4 ). As depicted in Figure 5 , the surface temperatures of the two hedges also showed single-peak variations in all four days, much like the solar radiation. For most of the time during the four days, the surface temperature of the L. quihoui hedge was higher than that of the H. littoralis hedge. The daily average surface temperature of the L. quihoui hedge was 27.43, 34.43, 20.55, and 21.94 • C in each day. At the same time, the surface temperature of the H. littoralis hedge was 26.00, 33.66, 19.77, and 20.86 • C, respectively. The surface temperatures of the hedges were slightly higher than the air temperature. The L. quihoui hedge was 2.22, 2.11, 6.00, and 4.02 • C higher than the air temperature. The smallest difference between surface and air temperature occurred during the summer day, when the solar radiation and air temperature were the highest. The surface temperature of the lawn used for comparison was much warmer than that of the two hedges. The surface temperature differences between the lawn and the H. littoralis hedge were 4.85, 9.14, 5.83, and 3.65 • C over the four days.
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As depicted in Figure 5 , the surface temperatures of the two hedges also showed single-peak variations in all four days, much like the solar radiation. For most of the time during the four days, the surface temperature of the L. quihoui hedge was higher than that of the H. littoralis hedge. The daily average surface temperature of the L. quihoui hedge was 27.43, 34.43, 20.55, and 21.94 °C in each day. At the same time, the surface temperature of the H. littoralis hedge was 26.00, 33.66, 19.77, and 20.86 °C, respectively. The surface temperatures of the hedges were slightly higher than the air temperature. The L. quihoui hedge was 2.22, 2.11, 6.00, and 4.02 °C higher than the air temperature. The smallest difference between surface and air temperature occurred during the summer day, when the solar radiation and air temperature were the highest. The surface temperature of the lawn used for comparison was much warmer than that of the two hedges. The surface temperature differences between the lawn and the H. littoralis hedge were 4.85, 9.14, 5.83, and 3.65 °C over the four days. 
ET Rates of the Urban Hedges
The ET rates of the two hedges showed similar variation trends in the spring, autumn and winter days ( Figure 6 ). They both increased from the morning and began to decrease after reaching peaks in the midday. The sudden drop at 11:00 a.m. during the summer day might be the result of the stomatal closure of the plants due to high surface temperatures. The ET rate was still quite high at 3:00 p.m. on the summer day. The ET of the H. littoralis hedge usually reached its maximum when the solar radiation was at its peak ( Figure 3) . However, the ET of the L. quihoui hedge rates reached their peaks at a different time compared to the H. littoralis hedge in the spring day. In particular, the ET rate of the L. quihoui hedge achieved another peak at 1:00 p.m. during the spring day. We also calculated the vapor pressure deficit (VPD) and found that it increased to its maximum at 1:00 p.m. during that day (data not shown). 
The ET rates of the two hedges showed similar variation trends in the spring, autumn and winter days ( Figure 6 ). They both increased from the morning and began to decrease after reaching peaks in the midday. The sudden drop at 11:00 a.m. during the summer day might be the result of the stomatal closure of the plants due to high surface temperatures. The ET rate was still quite high at 3:00 p.m. on the summer day. The ET of the H. littoralis hedge usually reached its maximum when the solar radiation was at its peak ( Figure 3) . However, the ET of the L. quihoui hedge rates reached their peaks at a different time compared to the H. littoralis hedge in the spring day. In particular, the ET rate of the L. quihoui hedge achieved another peak at 1:00 p.m. during the spring day. We also calculated the vapor pressure deficit (VPD) and found that it increased to its maximum at 1:00 p.m. during that day (data not shown). Figure 6 also showed that the ET rates of the hedges on the summer day were obviously stronger than those of the other three days. The daily average ET rate of the H. littoralis hedge was approximately 0.38 mm h -1 , while the daily average ET rate of the L. quihoui hedge was 0.33 mm h -1 ( Table 2) . Despite a lower level of solar radiation on the winter day, these data showed higher ET rates than on the autumn day, which may be attributed to the lowest relative humidity during this time. The ET rate was the lowest on the spring day with the lowest solar radiation and VPD. Meanwhile, we found that the ET rate of the H. littoralis hedge was higher than that of the L. quihoui hedge over the four days. The differences were 0.01, 0.05, 0.04, and 0.01 mm h -1 . The ET rates of the hedges were always higher than the lawn, especially on the summer day, when the ET rate of the H. littoralis hedge was 0.20 mm h -1 higher than the lawn. The difference was the smallest on the spring day, when all the three vegetation types had low ET rates. It is usually understood that green space could cool the surrounding area through latent heat flux. To reflect the diurnal course of energy exchange, the ratio of latent to net radiation (LE/Rn) was used to illuminate the cooling effect. As shown in Figure 7 , the variation of LE/Rn showed different characteristics over the four days. The LE/Rn fluctuated through the day. At 8:00 a.m. on the summer day, the LE/Rn of the two hedges could reach approximately 90%. Their LE/Rn maintained a high value during the summer day, indicating that most of the net radiation was consumed by latent heat. Figure 6 also showed that the ET rates of the hedges on the summer day were obviously stronger than those of the other three days. The daily average ET rate of the H. littoralis hedge was approximately 0.38 mm h −1 , while the daily average ET rate of the L. quihoui hedge was 0.33 mm h −1 ( Table 2) . Despite a lower level of solar radiation on the winter day, these data showed higher ET rates than on the autumn day, which may be attributed to the lowest relative humidity during this time. The ET rate was the lowest on the spring day with the lowest solar radiation and VPD. Meanwhile, we found that the ET rate of the H. littoralis hedge was higher than that of the L. quihoui hedge over the four days. The differences were 0.01, 0.05, 0.04, and 0.01 mm h −1 . The ET rates of the hedges were always higher than the lawn, especially on the summer day, when the ET rate of the H. littoralis hedge was 0.20 mm h −1 higher than the lawn. The difference was the smallest on the spring day, when all the three vegetation types had low ET rates. It is usually understood that green space could cool the surrounding area through latent heat flux. To reflect the diurnal course of energy exchange, the ratio of latent to net radiation (LE/Rn) was used to illuminate the cooling effect. As shown in Figure 7 , the variation of LE/Rn showed different characteristics over the four days. The LE/Rn fluctuated through the day. At 8:00 a.m. on the summer day, the LE/Rn of the two hedges could reach approximately 90%. Their LE/Rn maintained a high value during the summer day, indicating that most of the net radiation was consumed by latent heat. On the autumn and winter day, their LE/Rn had obvious changes in the morning and afternoon because of low latent heat consumption at the beginning and ending of the day.
During the summer day, the hedges could consume over 60% of the net radiation through latent heat. The ET rate was the lowest on the spring day, the LE/Rn of the hedges during that day was also the lowest. Though the LE/Rn of the L. quihoui hedge exceeded 50% at 5:00 p.m. during the spring day, its cooling effect was still negligible because the latent heat was only 0.63 W m −2 . The LE/Rn of the lawn for comparison had variation trends similar to the LE/Rn of the hedges except for the summer day, which began with a small LE/Rn and was still high at 5:00 p.m.
On the autumn and winter day, their LE/Rn had obvious changes in the morning and afternoon because of low latent heat consumption at the beginning and ending of the day.
During the summer day, the hedges could consume over 60% of the net radiation through latent heat. The ET rate was the lowest on the spring day, the LE/Rn of the hedges during that day was also the lowest. Though the LE/Rn of the L. quihoui hedge exceeded 50% at 5:00 p.m. during the spring day, its cooling effect was still negligible because the latent heat was only 0.63 W m -2 . The LE/Rn of the lawn for comparison had variation trends similar to the LE/Rn of the hedges except for the summer day, which began with a small LE/Rn and was still high at 5:00 p.m. Overall, the daily average LE/Rn of the H. littoralis hedge was still higher than that of the L. quihoui hedge during all days (Table 3) . On the summer day, the H. littoralis hedge consumed 68.44% of the net radiation while for the L. quihoui hedge it was 60.81%. The LE/Rn of the lawn was lower than that of the two hedges. The largest differences appeared in the summer day and extended to 28.92%, suggesting that the hedges have much better cooling potential than the lawn. Overall, the daily average LE/Rn of the H. littoralis hedge was still higher than that of the L. quihoui hedge during all days (Table 3) . On the summer day, the H. littoralis hedge consumed 68.44% of the net radiation while for the L. quihoui hedge it was 60.81%. The LE/Rn of the lawn was lower than that of the two hedges. The largest differences appeared in the summer day and extended to 28.92%, suggesting that the hedges have much better cooling potential than the lawn. 
Cooling Effects of Urban Hedges
Cooling Effects on Air Temperature of the Urban Hedges
LE/Rn described the cooling effects of the vegetation in an indirect way. The temperature reduction was also calculated to intuitively evaluate the cooling effect of the hedges henceforth. The cooling effects of plants on air temperature or surface temperature have been widely studied in recent years [55] [56] [57] . Most studies on this topic were based on comparing the temperature differences between two sites. However, this method could not divide the cooling effects of the plants and show how much the ET specifically contributes to cooling. Here, we reference a method to calculate the cooling effect of the hedges through ET alone [58] . For the unit volume of air ∆T a = 60 * LE/ρ air CV
where ∆T a ( • C min −1 m −2 ) is the cooling rate by ET of unit area hedges. LE is the latent heat (W·m −2 ) and has been analyzed using the '3T + IR' method. C is the specific heat capacity of air, which is 1005 J·kg −1 · • C −1 . V is the volume of the air and equals 10 m 3 here, following the reference paper [58] . ρ air is the air density (kg·m −3 ), and it is a function of air temperature (T a ),
The variation of the cooling rates of the studied hedges always followed the variation of their ET rates (Figure 8 ). The hedges could cool the air most effectively when the ET rate and radiation reached their maximums. The cooling effects of the hedges were the most robust on the summer day and the weakest on the spring day. Though the cooling effects in the autumn day were stronger than on the spring day, the hedges had a shorter cooling period due to shorter radiation duration. The cooling effect of the H. littoralis hedge was slightly stronger than the L. quihoui hedge. The daily average cooling rates of the H. littoralis hedge were 0. LE/Rn described the cooling effects of the vegetation in an indirect way. The temperature reduction was also calculated to intuitively evaluate the cooling effect of the hedges henceforth. The cooling effects of plants on air temperature or surface temperature have been widely studied in recent years [55] [56] [57] . Most studies on this topic were based on comparing the temperature differences between two sites. However, this method could not divide the cooling effects of the plants and show how much the ET specifically contributes to cooling. Here, we reference a method to calculate the cooling effect of the hedges through ET alone [58] . For the unit volume of air ∆ = 60 * /
where ΔTa (°C min -1 m -2 ) is the cooling rate by ET of unit area hedges. LE is the latent heat (W·m -2 ) and has been analyzed using the '3T + IR' method. C is the specific heat capacity of air, which is 1005 J·kg -1 ·°C -1 . V is the volume of the air and equals 10 m 3 here, following the reference paper [58] . ρair is the air density (kg·m -3 ), and it is a function of air temperature (Ta), = 1.2837 − 0.0039
The variation of the cooling rates of the studied hedges always followed the variation of their ET rates (Figure 8 ). The hedges could cool the air most effectively when the ET rate and radiation reached their maximums. The cooling effects of the hedges were the most robust on the summer day and the weakest on the spring day. Though the cooling effects in the autumn day were stronger than on the spring day, the hedges had a shorter cooling period due to shorter radiation duration. 
Cooling Effects of the Urban Hedges on Surface Temperature
Surface temperature can easily be obtained using infrared remote sensing techniques and has therefore become the basis of most studies on the cooling effects of the vegetation. In this study, the 
Surface temperature can easily be obtained using infrared remote sensing techniques and has therefore become the basis of most studies on the cooling effects of the vegetation. In this study, the cooling effects of the urban hedges on surface temperature at a small scale is discussed. The thermal imager simultaneously photographed the surface temperature of an asphalt road near the study site when the vegetation was photographed. The surface temperature of the asphalt road was always high, especially during the summer day (Figure 9 ). On that day, it could be as high as 62.73 • C at 3:00 p.m. and the daily average increased to 53.60 • C. The surface temperatures of the asphalt road during the other three days were similar, while the surface temperature of the hedges showed obvious differences ( Figure 5) cooling effects of the urban hedges on surface temperature at a small scale is discussed. The thermal imager simultaneously photographed the surface temperature of an asphalt road near the study site when the vegetation was photographed. The surface temperature of the asphalt road was always high, especially during the summer day ( Figure 9 ). On that day, it could be as high as 62.73 °C at 3:00 p.m. and the daily average increased to 53.60 °C. The surface temperatures of the asphalt road during the other three days were similar, while the surface temperature of the hedges showed obvious differences ( Figure 5 ). The average daily surface temperatures of the road were 30.22, 28.35, and 27.86 °C in the spring, autumn, and winter day. The surface temperature of the asphalt road was higher than the hedges most of the time ( Figure  10 ). The cooling effects of the hedges were more evident in the mid-day, when the underlying surface temperatures were high. During the summer day, the cooling effects on surface temperature could even be over 20 °C between 11:00 a.m. and 4:00 p.m. This means the hedges could significantly reduce the peak surface temperature in a day. The daily average cooling effects of the two hedges during the summer day were 19.17-19.94°C. They were much weaker on the other three days, especially in the spring day, when the two hedges could only cool the underlying surface by 2.80-4.22°C. The surface temperature cooling effects were even negative in the morning of the spring day. The low ET rate of the L. quihoui hedge restricted its cooling effect at that time. In addition, the asphalt road dissipated heat in the night before becoming cooler in the morning [59] . As a result, the surface temperature of the road could be lower than the hedge.
The H. littoralis hedge had better cooling effects on underlying surface temperatures than the L. quihoui hedge. The H. littoralis hedge cooled the underlying surface temperature by 4.22, 19.94, 8.57, and 7.00 °C on the four days, respectively. Simultaneously, the L. quihoui hedge could cool the surface by 2.80, 19.17, 7.80, and 5.92 °C. The hedges always showed better cooling effects than the lawn. The cooling effects of the lawn were -0.62, 10.81, 2.75, and 3.36 °C on the four selected days. The most distinct differences of cooling effects between the hedges and the lawn were during the summer day. The hedges could cool the surface by 9 °C more than the lawn. The minimum differences occurred on the winter day, when the two hedges cooled by more 2.56 °C and 3.64 °C than the lawn. The surface temperature of the asphalt road was higher than the hedges most of the time (Figure 10 ). The cooling effects of the hedges were more evident in the mid-day, when the underlying surface temperatures were high. During the summer day, the cooling effects on surface temperature could even be over 20 • C between 11:00 a.m. and 4:00 p.m. This means the hedges could significantly reduce the peak surface temperature in a day. The daily average cooling effects of the two hedges during the summer day were 19.17-19.94 • C. They were much weaker on the other three days, especially in the spring day, when the two hedges could only cool the underlying surface by 2.80-4.22 • C. The surface temperature cooling effects were even negative in the morning of the spring day. The low ET rate of the L. quihoui hedge restricted its cooling effect at that time. In addition, the asphalt road dissipated heat in the night before becoming cooler in the morning [59] . As a result, the surface temperature of the road could be lower than the hedge.
The H. littoralis hedge had better cooling effects on underlying surface temperatures than the L. quihoui hedge. The H. littoralis hedge cooled the underlying surface temperature by 4.22, 19.94, 8.57, and 7.00 • C on the four days, respectively. Simultaneously, the L. quihoui hedge could cool the surface by 2.80, 19.17, 7.80, and 5.92 • C. The hedges always showed better cooling effects than the lawn. The cooling effects of the lawn were −0.62, 10.81, 2.75, and 3.36 • C on the four selected days. The most distinct differences of cooling effects between the hedges and the lawn were during the summer day. The hedges could cool the surface by 9 • C more than the lawn. The minimum differences occurred on the winter day, when the two hedges cooled by more 2.56 • C and 3.64 • C than the lawn. 
Discussion
The ET Characteristics of Urban Hedges
The ET rates of two common urban hedges were estimated in this study, and both were found to be relatively high. The ET rates of the H. littoralis hedge were 0.04, 0.38, 0.13, and 0.18 mm h -1 during the four typical sunny days from four seasons. The ET rates of the L. quihoui hedge were slightly lower: on the four days selected, they were 0.03, 0.33, 0.09, and 0.17 mm h -1 , respectively. The ET rates of the two hedges have also been studied in other cities. A study conducted in Hubei, China showed that the ET rate of H. littoralis (0.04 mm h -1 ) was higher than that of six other plants in summer [60] . It also found that the H. littoralis had the highest light utilization efficiency and the third highest water use efficiency. Another study conducted in Changsha, China showed that the L. quihoui could transport 2576.52 g·m -2 ·d -1 (approximately 0.11 mm h -1 ) of water into the air through ET in August [61] . It was the third highest out of the 13 studied shrubs. However, the ET rates in the two studies above are much lower than our results, as the two previous cities get less solar radiation compared with our study sites.
The winter in Shenzhen is warm enough to sustain plant growth, so almost all local plants are evergreen [62] . As a result, the ET rate of the H. littoralis hedge was still high in the winter day. In addition, with its high light and water utilization efficiency, its ET rate might be slightly higher than that of the L. quihoui hedge. The ET rates of the two hedges were both higher than the ET rates of the lawn. LAI might be the predominant reason [63] .
Cooling Effect of the Urban Hedges
Three techniques were used to describe the cooling effects of the urban hedges in this study. Among them, the cooling effects of plants through ET alone was calculated using a reference method. 
Discussion
The ET Characteristics of Urban Hedges
The ET rates of two common urban hedges were estimated in this study, and both were found to be relatively high. The ET rates of the H. littoralis hedge were 0.04, 0.38, 0.13, and 0.18 mm h −1 during the four typical sunny days from four seasons. The ET rates of the L. quihoui hedge were slightly lower: on the four days selected, they were 0.03, 0.33, 0.09, and 0.17 mm h −1 , respectively. The ET rates of the two hedges have also been studied in other cities. A study conducted in Hubei, China showed that the ET rate of H. littoralis (0.04 mm h −1 ) was higher than that of six other plants in summer [60] . It also found that the H. littoralis had the highest light utilization efficiency and the third highest water use efficiency. Another study conducted in Changsha, China showed that the L. quihoui could transport 2576.52 g·m −2 ·d −1 (approximately 0.11 mm h −1 ) of water into the air through ET in August [61] . It was the third highest out of the 13 studied shrubs. However, the ET rates in the two studies above are much lower than our results, as the two previous cities get less solar radiation compared with our study sites.
Cooling Effect of the Urban Hedges
Three techniques were used to describe the cooling effects of the urban hedges in this study. Among them, the cooling effects of plants through ET alone was calculated using a reference method. [58] . Its cooling rates by per unit area vegetation were lower than our results, as the ET during the day and night in all kinds of weather were included in their study. The daily UHIIs around our study sites over four seasons were approximately 0.76, 1.06, 1.04, and 0.80 • C [64] . For the whole city, the yearly average UHII of Shenzhen was 2.6 • C [65] . Therefore, the urban hedges showed great cooling potential in the mitigation of UHI.
The cooling rate above is the temperature reduction by ET without heat input. The LE/Rn reflects the proportions of the net radiation that ET dissipates. The greater the proportions of net radiation that were consumed by latent heat, the smaller proportion of net radiation could heat the environment through sensible heat. The H. littoralis hedge could consume 37.27%, 68.44%, 56.10%, and 65.71% of the net radiation as latent heat over the four days, while for the L. quihoui hedge the ratios were 35.72%, 60.81%, 41.45%, and 61.58%. These ratios were significantly higher than artificial underlying surfaces. It was found that only 123 Wh m −2 out of the 1949 Wh m −2 net radiation reaching to the asphalt roof was consumed by latent heat [66] . Grimmond et al. reported 23% of the LE/Rn in Marseille, where the area fraction of vegetation and water was 10-20%. Meanwhile, areas like Me93 and Vl92 that contained less vegetation had a lower LE/Rn [67] . In Kansas City, the LE/Rn could reach 46-58% in an exurban residential neighborhood, where the vegetation accounted for 58% of the total area [68] . This phenomenon was also demonstrated in a study conducted in Kugahara, Tokyo, where the LE/Rn in the daytime was always larger in hot months and smaller in cooler months [69] . According to LE/Rn, the H. littoralis hedge had better cooling effects than the L. quihoui hedge. The LE/Rn was larger when the radiation was stronger, which means the cooling effects of ET might be stronger in hotter days.
The albedo differences may result in the surface temperature differences between hedges and asphalt pavements [70, 71] . Moreover, the hedges could consume much more heat through ET than artificial underlying surfaces [72] . Compared to the asphalt pavement, the surface temperature of the studied H. littoralis hedge were 4.22, 19.94, 8.57, and 7.00 • C lower on the four days. The surface temperature of the L. quihoui hedge were 2.80, 19.17, 7.80, and 5.92 • C lower at the same time. The forested land could also cool the surface more than 10 • C in November compared with developed land [73] . Leuzinger et al. found that tree canopies in Basel were 19 • C cooler than roofs in July, and different trees had different canopy temperatures [74] . The land surface temperature differences between land use types of transportation and green spaces in Shenzhen were approximately 4.8 • C in daytime in October [75] . In comparison with the studies above, the cooling effects of the urban hedges in our research are remarkable. The amplitudes of the hedges' surface temperature were also smaller than those of the asphalt road in the daytime, which means the thermal environment was more stable in the urban hedge area (Table 4) . Similar results have been found in previous studies [76] . They found that the maximum daily variation of surface temperature was no more than 3 • C, and the maximum surface temperature was only 26.5 • C for Raphis palm, while for the hard surface, they were 30 • C and 57 • C, respectively. Latent heat could significantly reduce the maximum surface temperature in a day but showed minimal effects on the minimum temperature [77] . 
Applicability of the '3T + IR' Method for the ET Estimation of Urban Hedges
In this study, a new method based on '3T + IR' was applied to accurately estimate urban ET. The applicability of this method on urban vegetation has been verified in this study by comparison with the BREB method. The results showed great reliability in this new method. With this method, the ET rates of the hedges can be calculated by surface temperature, which could be easily obtained by thermal images. Therefore, this method will not be limited by the complexity of urban underlying surfaces, which is the main obstacle for traditional methods. It also has a higher temporal and spatial resolution than traditional satellite remote sensing. Based on accurate ET rates, the specific cooling effects of ET could be obtained.
In this study, to simplify the calculation and measurement, the emissivity of the hedges and the lawn were defined as 0.98 and the net radiation was estimated based on the solar radiation and temperatures. Therefore, there might be some bias of the results. Besides, the leaf with the highest surface temperature was selected to be the reference leaf. The ET of this leaf actually is larger than zero, therefore will leading a little overestimation of the actually ET of the vegetation based on three-temperature model. Though it has been applied and validated in various field experiments out of the city, this is the first application of this new method in the study of urban hedges. Therefore, more research is needed. For example, an idealized reference leaf is still hard to select. The shape, emissivity and albedo of the reference leaf could affect the results. Besides, this method could not be used in continuous measurement at a high frequency, as we could only photo the thermal images and measure the net radiation by hand. Automatic imaging technique of infrared remote sensing and net radiation measurement will be helpful in the future.
Conclusions
In this study, the ET characteristics of two urban hedges were measured by a fetch-free method with high spatiotemporal resolution, namely, the 'three-temperature model + infrared remote sensing' method. The method demonstrated high accuracy in the ET estimation for urban vegetation. The results show that: (1) the ET rates of the two studied urban hedges were high. On the summer day, the daily average ET rate of the H. littoralis hedge was 0.38 mm h −1 , while that of the L. quihoui hedge was 0.33 mm h −1 . (2) The latent heat of the hedges accounts for a large part of the net radiation. The two hedges consumed 68.44% and 60.81% of the net radiation via ET on the summer day. Therefore, the hedges have great cooling potential in the urban thermal environment. (3) The contribution of ET to the vegetation cooling effects in urban areas could be identified through more accurate ET rates. The daily average cooling rates of the two hedges on air temperature through ET alone could reach 1.13-1.29 • C min −1 m −2 . (4) The hedges could also significantly cool down the underlying urban surface. The cooling effect was stronger on hotter days. On the hottest day, the cooling effects of the two hedges on the underlying surface were more than 19 • C. (5) The ET rates of the H. littoralis hedge were slightly higher than those of the L. quihoui hedge and therefore had better cooling effects, while both had much better cooling effects than the lawn used for comparison. These results may contribute to the greening design for urban areas.
This study may be the first research that can quantitatively measure the ET rate of urban hedge and provide a new insight to understand the process of ET in urban hedges, and could also promote the methodology of urban ET studies.
